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ABSTRACT 
Geomagnetic polarity stratigraphy of th.e complete 135 
foot thick Mahogany unit of the Parachute Creek Member in 
the Green River Formation has been determined from a bore-
hole core drilled by Chevron West in Duchesne Co., Utah. 
622 subcores were taken at equal intervals and measured 
with a 3-axis SCT magnetometer. 70 cores were AF demagnet-
ized at 100 oe intervals to 600 oe in initial tests. The 
remaining 522 cores were treated at 300, 400, and 500 oe. 
Only polarity changes consistent through demagnetization 
and not unique to one core segment were used. The Mahogany 
unit is mainly normal with 9 thin reversed zones. The 
thickest reversal lies at 7626 feet. -Compared with the 
polarity history of the Middle Eocene, th.e unit correlates 
with the normal polarity interval of Late Bridger±an age 
(46.5.,..45,0 rn.y. B.P.). 40Ar/39Ar ages from the wavy tuff 
above and the curly tuff below imply an average age of 46.5 
m.y. B.P., ±0.6 m.y. (O'Niell, 1980) placing it within 
marine magnetic anomaly no. 20 (La Brecque et at., 1977). 
Deposition rate is equal to, or less than, 8.2 mm/century 
for the compacted sediment. This is approximately a fac-
tor of 2 of the values quoted by Bradley in 1929 for the 
compacted oil shale beds of the Green River Formation. 
67% compaction effect indicates an initial thickness of 
400 feet, with a corrected deposition rate of 24.6 mm/cen-
tury for the lamina pairs. The results confirm the earlier 
assumption that the laminae of the Mahogany unit in partic-
ular, and Green River Formation in general, are annual 
varves. 
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INTRODUCTION 
This study has three objectives. The first is to com-
pare the paleomagnetic reversal history recorded in a com-
plete borehole core of the Mahogany Ledge oil shales with 
1 
the marine geomagnetic time scale (Berggren, 1969; La Brecque 
et al., 1977}. The second objective is to compare the pale-
olatitude derived from the core results with independent 
data to estimate compaction effects. The third objective 
is to estimate the rate of deposition of this generally 
non-fossiliferous lacustrine deposit of Middle Eocene age. 
The Mahoaany Ledge of the Green River Formation is a 
kerogen-rich dolostone or rnarlstone and is commonly referred 
to as an oil shale. Kerogen is a waxy organic material. 
It is defined as a bituminous mineraloid that yields oil 
when subjected to destructive distillation. Estimates of 
in-place oil reserves of kerogen (r.airns, 19'79 r in th.e tri 
state area of Wyoming, Colorado, and Utah are equivalent 
to 1.8 trillion barrels. 150 billion bar~els that may be 
recoverable are in high-qrade deposits of the Green River 
Formation (F'iq. 1) and may yield more than 25 gallons of 
oil per ton of shale distilled. 
Strangway and McMahon (1973) conducted paleomagnetic 
studies on annually banded Eocene Green ~iver sediments 
from the Parachute Creek Member in Color~do. They found 
a remanent magnetization of about l-Sxlo-8 emu/cm3 after 
_ .. ,. 
... 
.. 
.,.. 
.... fOt.•. 
~ 1-4..-.. ..... ,.,., ... 
..... , ........ ..a.a, b-.... '-~~ 
Figure 1.--0utline map of the Green River Basin and vicinity, Wyor.1ing, Utah, And Colorado (after Bradley,1928). 
2 
demagnetization at 100 oersteds (oe) and this magnetization 
was probably carried by less than .002% detrital naa,netite. 
Their work was the first paleomagnetic study of an·oil shale 
using a spinner magnetometer. Karoly (1974) showed that 
cores taken from an oriented hand sample of Green River 
oil shale from the Piceance Creek Basin in Colorado had an 
average magnetic intensity of 4.39x10-S emu/cm3 and greatest 
directional stability at 400 oe demagnetization. 
Fuggit (1976) found a magnetic reversal in an oil 
shale from a sequence of beds of the North Horn Formation 
at Wales Canyon, Utah and determined a virtual geomagnetic 
pole at 84° north latitude and 162.7° west longitude for 
the Early Tertiary. His study showed that oil shales can 
be successfully used for paleomagnetic studies in defining 
geomagnetic polarity horizons. Fenzan (1978) was able to 
measure weak magnetic intensities of the Mahogany Ledge t1nit 
using a superconducting magnetometer. His study delt with 
approximately the upper most 21 feet of the 135 foot bore-
hole core supplied by Chevron West and Chevron Oil Field 
Research Company. He subsampled at 5 cm intervals along 
the core and found evidence for polaritv reversal seouences 
in thP. Eocene. 
This study concerns the remaining 114 feet of the bore-
hole core. A superconducting magnetometer was used to meas-
ure magnetic intensities of the suhcores. 
3 
GEOGRAPHIC SETTING 
The borehole core was drilled by the Chevron West 
Division of Chevron Oil Company at the M. M. Norling No. 
l-9Bl drill site SW, NE, Sec. 9, Township 2 south, Range 
1 west of the 7.5 minute Roosevelt Quadrangle map in Utah. 
This site can be located in an atlas or highway map of 
Duchesne County, Utah approximately 1.5 miles north of the 
town of Roosevelt (Fig. 2). This section of the state lies 
in the Uinta Basin, an area of extensive Eocene lake de-
posits, south of the Uinta Mountains and east of the 
Wasatch Range. 
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GEOLOGIC SETTING 
The Uinta Basin in northeastern Utah is one of three 
large kerogen-rich lake deposits in the tri-state area of 
Wyoming, Colorado, and Utah. The other two are the Green 
River Basin of Wyoming and the Piceance Creek Basin in . 
Colorado (Fig. 3J. Bradley (1928) contends that a single 
body of water occupied the Uinta and Piceance Creek Basins 
during the Green River epoch of Middle Eocene time. This 
lake was designated Uinta Lake and it seems probable that 
it was divided into two or three smaller lakes at certain 
stages of low-water level. 
The Mahogany bed is the thickest and richest oil shale 
bed in the Green River Formation. The maximum thickness 
of the bed is along the depositional axis of the Uinta 
Basin. The bed (Fig. 41 and its adjacent oil shale beds 
form an outcrop feature called the Mahogany Ledge while 
the subsurface correlative of the Mahogany Ledge is the 
Mahogany Zone (Cashion, 1964). The Mahogany Zone occurs 
in the Parachute Creek Member of the Green River Formation 
(Figs. SA and SB). About 14 feet above the richest oil 
shale bed in this zone is a 6 inch bed of analcitized tuff 
which is traceable across oil shale deposits of eastern 
Utah and Colorado. This tuff is frequently used as a strat-
igraphic reference bed and is called the Mahogany marker 
(Smith and Stanfield, 1964 p. 218-219). 
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Piceance Basins (after McDonald, 1972). 
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° 
LABORATORY PROCEDURE 
The borehole core was contained in 48 boxes of approx-
imately 3 feet in length. Each box contained segments cut 
lengthwise by Chevron. Ohio State University received half 
of each segment. The core was marked down the center of 
each segment with a harbed line indicating the uphole di-
rection. Some boxes were missing segments and hence had 
small gaps. These gaps were indicated on the side of the 
box with a green line the length of the gap. 
10 
In order to be consistant with Fenzan (1978), who 
studied the first 8 boxes, the same labeling scheme was 
used. Each box was numbered in seauence down the borehole. 
The depth of drilling was marked in 1 foot intervals on the 
core and box by Chevron. Each segment in a box was assigned 
a letter to establish its position relative to other seg-
ments. Subcores of each segment were drilled to measure 
the paleomagnetism of the core. The segments in each box 
were aligned to the corresponding depth markings and sub-
core centers were labeled at 5 cm intervals. Some segments 
were too small to yield subcores so none were taken. The 
subcores were assigned a letter corresponding to the number 
of subcores prepared from each segment (Fig. 6). 
The subcores were extracted by drilling normal to the 
borehole core axis with an one-inch internal diameter dia-
mond-tipped drill bit on a water-cooled drill press. Each 
11 
GAP LINE 
------; (missing core} 
SMALL t;AP 
·---
~~L-.---/-,~---~CORE ~EGMENT 
LF.'.l'TER 
BOX NUMBER 
Figure n.--Illustration of core box. 
12 
subcore was marked with an arrow indicating the uphole di-
rection and labeled with the box number, segment, and seg-
ment position from which it was drilled. The fourth subcore 
taken from the fifth segment of box 28 would be labeled 
"28ED". The second subcore taken from the second segment 
of box 41 would he labeled "41BB" (Fig. 7). Every subcore 
is preceded by the letters "MHLD'' to designate "Mahogany 
Ledge" in the computer printout (Appendix B). 
After labeling, each subcore was trimmed to a standard 
length by a twin-bladed rock saw producing a cylindrical 
specimen 2.5 cm in diameter and 2.3 cm long. A total of 
533 subcores were prepared this way. 
The total magnetic moment, J, of the subcores were 
measured using a Superconducting Technology (SCT) 3-axis 
cryogenic magnetometer. The total magnetic moment is ex-
pressed in terms of three orthogonal magnetic vectors X, 
Y, and Z (Fig. 8). The core could have rotated many times 
while being drilled so the only known orientation is the 
vertical or X direction of magnetization. 
~he values for X, Y, and Z are displayed by a digital 
LED readout attached to the magnetometer. The values for 
X, Y, and 7, must be recorded three times for a single meas-
urement. The initial value is recorded before the subcore 
is inserted into the magnetometer. The second value is 
recorded while the subcore is within the magnetometer and 
the third recorded after the subcore is withdrawn. The 
13 
CORE AXIS LINE __ "-11--1---DP-HOLE DIRECTIO~ 
BOX NUMBER ..-,\-.,.....-i"----UBCORE LETTER 
Figure 7.-Illustration of subcore labeling scheme. 
X 
X 
ct 
lLJ 
~ 
0 
v 
Figure 8.-X, Y, and Z vectors of subcore. 
14 
y 
reason for recording the first and third values is to ac-
count for instrument drift. The values are typed on a 
standard IBM data card and combined with a computer program 
written by B. Elwood and modified by R. C. Bartman to cal-
culate values of Jin emu (gauss cm3 , Appendix A). 
All the subcores were measured to determine their nat-
ural remanent magnetism (NRM). The NRM is the sum total 
15 
of magnetic moments acquired by the sample. This includes 
the initial remanent magnetism in the sample when it formed 
and any additional magnetism acquired through geologic time. 
Because of the large number of subcores, approximately 
10 percent, 52 subcores, were demagnetized in intervals 
of 100 oe along the X, Y, and Z axes with a Schonstedt GSD 
1 Geophysical Specimen Demagnetizer. The 52 subcores were 
selected at approximately every tenth subcore drilled 
throughout the core. This is a standard procedure that 
saves time and gives a general magnetic representation of 
the core. Table 1 shows the demagnetization of the 52 sub-
cores from NRM through 600 oe. In the northern hemisphere 
an X vector component that has a negative (-) sign repre-
sents a normal polarity of the earth's magnetic field. 
The inclination of the field points downward. An X vector 
that has a positive (+) sign represents a reversed polarity 
of the earth's field and the inclination of the field points 
upward. All X vector components listed should be multiplied 
by lxlo-4 (SCT scaling constant) for conversion to cgs 
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magnetic units {emu). 
Demagnetization of the subcores in successive intervals 
determines the optimum Alternating Field {AF) which the 
residual magnetic intensities stabilize. Figur~ 9 shows 
the demagnetization graph of J/J0 , {intensity of demagnet-
ization/original NRM intensity), plotted against peak oer-
steds. The optimum demagnetization stage occures in the 
range of peak oersteds corresponding to the first reduction 
of slope of the curve defined by the mean intensity of each 
demagnetization staqe. Figure 9 shows the first reduction 
in slope occures in the 300-500 oe range. Therefore, op-
timum demagnetization of the remaining subcores may lie 
between 300 oe and 500 oe. 
Another method of determining the optimum demagnet-
ization stage is the Briden Stability Index {Briden, 1972). 
This method defines a stability index, s, by the comparison 
of two vectors, J1 and J 2 , in successive demagnetization 
stages with the equation 81-2 = 1-/J1-J2 j / I J 1 j. Table 
2 is a computer output of the Briden Index for each demag-
netization stage. The value closest to 1.0 would represent 
the optimum demag stage. The optimum demag stage from table 
2 is between 300 oe and 500 oe. This agrees with the de-
magnetization graph of figure 9 so the remaining subcores 
were demagnetized at 300, 400, and 500 oersteds. 
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NORMAL AND ~EVKRSED POL.A:R.ITY ZONES 
Zones of normal and reversed polarity are indicated 
in the cryogenic magnetometer output of Appe~dix B. Those 
zones marked with a (?I represent zones of possible reversed 
polarity such as sample "MHLD15DA". This zone of reversed 
polarity is confined to only one segment so it is possible 
that the segment may have been inverted while boxed and 
labeled at the drill site . .An inverted segment would show 
as reversed polarity on the SCT. For this reason, only 
cores that changed from normal to reversed polarity at the 
400 oe interval or less and/or remained reversed through 
two or more consecutive segments were distinguished as zones 
of reversed polarity, such as samples "MHLD10CB" and "MHLD 
12EA-12FA" respectively. 
Normal and reversed zones for the entire core are 
plotted in figure 10. Th.e white areas represent reversed 
polarity zones while the black represent zones of normal 
polarity. Of the zones fitting the above criteria, only 
those having an average intensity of X greater than 5% of 
the mean 400 oe intensity of each corresponding demag graph 
were considered as true reversals. The zones whose average 
intensity of Xis less than 5% of the mean 400 oe intensity 
are indicated by hatching. These hatched zones could re-
present "excursions" of the earth's magnetic field in a 
restricted region (of continental dimension) as the result 
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of non-dipole activity alone, during a period of subdued 
main dipole intensity, without any real reversal occurring 
{Watkins, 1972). 
As indicated by figure 10, the Mahogany unit is mainly 
normal polarity with 9 thin reversed zones. The thickest 
reversal lies near the bottom of the core at 7626 feet. 
Compared to the polarity history (Table 3) of the Middle 
Eocene, the unit correlates with the normal interval of 
Late Bridgerian age (46.5-45.0 m.y. B.P.). 
40Ar/39Ar studies of the wavy tuff above the Mahogany 
unit and the curly tuff below were conducted by ~illiam A. 
O'Niell at 0hio State University (1980). His results (per-
sonal communication) indicate a weighted mean age of 46.5 
m.y. B.P. with an error of ±o.6 m.y. This agrees well with 
the normal marine magnetic anomaly 20 between 46.5 and 45.0 
m.y. B.P. shown in table 3. 
28 
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TIME PALEOMt.GNETIC POLARl'!'Y Sl .:.UE 
'!'able 3. --1>.pproximate inter- (m y) z:: :_:. :; ,r, ; __ .:.~ 't age £,E :'liT £ ~.:.. ( " val of the Mahogany unit based 
on 40,ll.r/3Q'1r c'lates of the wavy 6C 
C 0 p T C tuff above (46.9 :ts. o m.v. B. p. ), H A E E curlv tuff belo•-, (46. 2 ±o. 7 )'Tl .y. 25 A L B. P.), arid paleomaqnetic results. 7 T L R N Geomaqnetic polarity time scale 7A T E T 0 G after La Brecque et al, (1Q77). 8 I 
A 0 0 z 4 o.7\r ;3 9 ;.r dates (0'Niell, 1980) 
9 II qive a weiahted mean age of 46. 5 C G A 0 ±0 . 6 m.y. B.,,. '."his age falls 30 10 E E R I at the base of marine anomal y 20. 
N N y C The normal interval representen 
II by the Mahogany unit can be no E E 
older than anomaly 20, so the a ge 12 
uncertainty "1USt he taken in the R 
u negative sense. The duration of p 
the deposition is MO"t likely be- 35 E L tween 45.9 to 46.5 l"l.y. B.?. or 13 I 
A Upper Bridqeri.m . ':"he 11ahocanv N unit prohabiv represents about . 15 0.5 m.y. because the section bP.-
t1,1een the tuffs is somewhat 16 8 p 
A R E thicker than the 11ahogany uni t . R I The Bridqerian interval i5 40 T A 0 age 17 o!e from 49 to 45 r.i.y. B.P. N 0 C 
I N 
18 A I E N A 
N N 
19 E 
45 L 
u 
20 T 
E 
T g 
I :i 
A 
N 
50 21 y i 
p 
R 
E 
s 
22 I 
A 
N 
55 23 
24 T~ ·.::·.;..·. p 
A 
L 
25 E 
, ... ,,",,-.:..·. 
0 60 26 
C 
E 
27 0.l .... · ~ ~ N 
28 E 
-------29 ~ ~ :;I"\ • • • 65 
COMPARISON OF BRIDEN STABILITY INDEX 
HSING X AND I JJ 
It should be noted that in order for the Brinen Sta-
bility Index to be valid as defined, (1) the direction and 
magnitude of J must be known, (2) the residual moment must 
be measured in successive demagnetization stages for linear 
extrapolation of the residual vector between successive 
measurementsr and (3) the alternating dema~netization field 
must be increasea by equal intervals. In the case of a 
borehole core, only the direction and magnitude of the f 
vector cornoonents of each subcore are known and only the 
~ . 
relative stability of the X vector can be determined with 
the Briden Index. 
The subcores were sampled from a borehole core and 
the core could have rotated many times while being drilled. 
This results in completely randomized azimuth orientations 
of the core segments and hence comparison of the total mag-
netization J vector is meaningless. However, Noltimier, 
30 
(personal communication), and Bergstram, Faber, and Noltimier 
(1979) suggest that comparison of the scalar magnitudes 
!JI of the total moment without reference to direction may 
also be a useful indicator of magnetic stability, since 
the removal of unstable vector components is invariably 
accompanied by changes in the magnitude of the sample mo-
ment. Appendix B lists the Briden Index results based on 
the scalar total magnetization IJI and vertical vector 
....lo, 
component X. 
Table 4 is a direct comparison of the Briden Stability 
Index using total scalar magnetization !JI and vertical 
component X plotted to depth. The values for X and jJj 
were obtained from Appendix Band represent the demag stage 
indicating the most stable residual magnetism for the depth 
intervals shown. This shows that there is good agreement 
between the sets of results and indicates that single corn-
ponent or total moment analysis gives valid indication of 
Briden Stability Index behavior. 
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INCLINATION AND PALEOLATITUDE 
The inclination of each subcore can be calculated, 
~ 
since the magnitude and geometric orientation of X and !JI 
are known, hy using the formula: I= sin-1 [ex) (1·10- 4 )/J] 
where I is the inclination in degrees. The paleolatitude 
can then be calculated using the dipole formula: tan L = 
0.5 tan I where Lis the paleolatitude in degrees. 
Appendix B lists the mean inclination for each depth 
interval. Prom this mean the paleolatitude is calculated, 
also listed in Appendix B. The average inclination of all 
the means for NPM is approximately 60°, and 31° after 400 
oe demagnetization. The paleolatitude calculated for the 
NR~ and 400 oe interval using these mean inclinations are 
40.9° north and 16.7° north respectively. 
33 
Figures 11 A-E are north polar stereographic maps based 
on paleocontinental maps of Smith and Briden (1977). Each 
map shows the site location an~ estiroated declination change 
through time. The declination was estimated as the acute 
angle between a line connecting the site and north geo-
graphic pole,and the principle meridian of the site loca-
tion. Figures 12 A-Bare araphs of latitude and longitude 
drift verses time of the site. These graphs were plotted 
from the estimated site locations of figures 11 A-E. Fig-
ure 12 C is the calculated declination change verses time 
at the site based on the maps of figures 11 A-E. From the 
graph the site was found to lie 42° north latitude, 87° 
west longitude, and have a declination of 16.5° east at 
45 m.y. B.P. (the approximate age of the Mahogany unitI. 
By rearranging terms in the dipole formula the inclin-
ation can be calculated by I= tan-1 (2 tan LJ where I is 
the inclination and L the latitude. The modern inclination 
value of the site at 40.3° north is approximately 59.5°. 
The inclination of the site 45 m.y. B.P. when it was 42° 
north was approximately 61°. However, after 400 oe demag-
netization the average inclination was 31° which gives a 
paleolatitude of 16.7° north. This produces quite a dis-
crepancy for the paleolatitude. 
Figure 13 is a stereonet of paleomagnetic results for 
rocks of Eocene age in western United States. Point A re-
presents the theoretical pole position for the Mahogany 
unit based on the paleocontinental maps of figures 11 A-E. 
Points B, c, and Dare pole positions for the Green River 
Formation (the Laney Member of the Green River, and the 
Wasatch Formation respectively). Point Eis the pole posi-
tion of the Siletz River Volcanic Series (Cox, 1957) and 
indicates a probable tectonic rotation to the east. Point 
Pis the pole position, after 100 oe AF demagnetization, 
of the Parachute Creek Member of the Green River Formation 
(Strangway and McMahon, 1973). As indicated, this pole 
position is quite different compared to the results of 
Torreson et al., (1949) and the theoretical pole position 
34 
35 
.. -
Present day North polar stereographic 
Figure llA.---North polar stereographic map showinq present day 
site location of 40° N. latitude and 110° W. longitude. 
Present dav declination for core sample is not known. 
10 million years 
late Miocene (Cenozoic) 
North polar stereographic 
N = 87 Alpha-95 = 3·2 
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Fi9ure 11B.---North polar stereographic map during late Miocene 
showin9 site location of approximatelv 42° N. latitude and 
102° W. longitude with a 7° estimated declination. 
20 million years 
early Miocene (Cenozoic) 
North polar stereographic 
N = 46 Alpha-95 = 5·7 
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Figure llc.---North polar stereographic map during early Miocene 
showing site location of approximately 43° N. latitude and 97° 
W. longitude with a 10° estimated declination. 
. 
40 million years 
late Eocene (Cenozoic) 
North polar stereographic 
N = 28 Alpha-95 = 4·5 
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Figure lln.---North polar stereographic map during late Focene 
showing site location of approximately 40° N. latitude and 
88° w. longitude with a 16° estimated declination. 
60 million years 
Paleocene (Cenozoic) 
North polar stereographic 
N = 43 Alpha-95 = 4·7 
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Figure llE.---North polar stereo9raphic map durinq Paleocene showing 
site location of approximatelv 48° N. latitude and 83° w. 
longitude with a 17° estimated declination. 
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Figure 13.-Stereo net of paleomagnetic results of rocks of Eocene 
age in western United States. 
A. Theoretical pole position of the Mahogany unit based on paleo-
continental maps (Smith & Briden, 1977} of Early-Middle Eocene 
50-45 my BP. 
B. Green River Formation 
C. Green River Fm, Laney Mbr}Pole positions after Torreson et 
D. Wasatch Formation al., 1949. 
E. Siletz River Volcanic Series pole position after Cox, 1957. 
Probable tectonic rotation to the east. 
F. Strangway & McMahon, 1973. 100 oe AI' results of the Green 
River Fm. Strong possibility 100 oe data insufficiently de-
magnetized and Recent steeply dipping components remain. 
G. Theoretical circle of inclination (no declination control) for 
the Mahogany unit calculated from the paleolatitude by the di-
pole formula. 
H. Circle of inclination (no declination control) NRM results for 
the Mahogany unit. 
I. Circle of inclination (no declination control) for the Mahogany 
unit after 400 oe demagnetization. 
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of the Mahogany unit. These points should be in rough agree-
ment since they all represent rocks of similar age. Since 
Strangway and McMahon's results are so far out of position, 
as compared to A, B, C, and D, there is a strong possibility 
that their 100 oe AF data was insufficiently demagnetized 
and Recent steeply dipping components remain. Therefore, 
their results are questionable. 
The average inclination of roughly 60° for the NRM 
results of the ~ahogany unit falls on circle Hof figure 13. 
After 400 oe demagnetization, the optimum dernag stage, the 
inclination is 31° and falls on circle I. This discrepancy 
is believed to result from post-depositional compaction 
of the oil shale. The paleolatitude of 16.7° north calcu-
lated from the 31° inclination after 400 oe demagnetization 
is much too low. The estimated paleolatitude of the site 
from figures 11 A-E was 42° north latitude, 87° west long-
itude at 45 m.y. B.P. The present day site location is 
40.3° north latitude and 110° west longitude. The site 
changed a fair amount in longitude but only slightly in 
latitude. Inclination is a function of latitude but the 
amount of inclination change from 42° north at 45 m.y. B.P. 
to 40.3° north at present of the Mahogany unit is negligible. 
A simple method can be employed to estimate the com-
paction effect by taking the ratio of the tangents of the 
400 oe inclination data and the expected initial inclina-
tion. As figure 14 shows, the magnetic minerals in the 
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Figure 14.--Method of estiMatinq compaction effect of sed-
iments by ohserved inclination error: tan 31°[compacted 
±nclination}/tan 61°(expected initial inclination} x 100% 
= 33% .. The present unit is 33% of its original thickness. 
Cl-.00-.33} x 100% = 67%. The unit has been compacted by 
67%. ~his result may he compared directly to Plate 2. 
wet sediment were initially deposited and aligned in a mag-
netic field with 61° inclination. The DFM (detrital rem-
anent magnetization) should exhibit this value. However, 
the compaction from overlying sediments (eg., superjacent 
Evacuation Creek Member) decreased the DRM inclination of 
the Mahogany sediments. After 400 oe demagnetization and 
exposure of the most stable magnetization the inclination 
was 31°. The ratio of the inclinations show the sediments 
are compacted to one-third their original thickness, a 67% 
compaction. This means the initial thickness of the Mahog-
any unit was approximately 400 feet and has been compacted 
by overlying sediments to 135 feet. 
Plate 2 shows a fish coprolite in the Laney Member 
of the Green River Formation (sample provided by K. O. 
Stanley). By measuring the distance between corresponding 
varves across the center of the coprolite, and away from 
the center, the ratio directly determines the amount of 
compaction. The ratio of the distance at the lines indi-
cated on plate 2 give a compaction of 62%. 
Since the compaction effect, measured directly, is 
45 
so close to the figure derived from the paleomagnetic re-
sults, it confirms that the DRM has been affected by com-
paction. That is, the primary magnetization of the Mahogany 
unit is carried by detrital magnetic grains, derived from 
the Absaroka volcanics (Surdam and Stanley, 1980) originally 
aligned along the earth's magnetic field in Eocene time 
as they settled through the water of Lake Uinta, and is 
not carried by post-depositional remanent magnetization 
(PDRM) or chemical remanent magnetism (CRM) due to dia-
genesis. 
The mineral carrying the magnetization is believed 
to be fine grained magnetite. Regional volcanism during 
Lake Uinta time provided abundant sources of ash and tuff. 
These pyroclastics carry single domain magnetite and ilmen~ 
ite. As indicated by figure 9, the residual remamence in-
tensity decreases very rapidly in the first few stages of 
demagnetization. By 300 oe demagnetization, only 25% of 
the original intensity remained. This is very character-
istic of single domain magnetite. Since this study has 
direct control on compaction, and compaction produced such 
low inclinations, this study suggests that marls and shales 
may not be useful in establishing paleolatitudes if their 
magnetization is primarily DRM. However, the study also 
shows that paleomagnetic measurements may be applied to 
determination of the post-depositional compaction of marls, 
shales and other sediments. 
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RATE OF DEPOSITION 
The application of magnetic reversal stratigraphy to 
the Mahogany unit is a new and independent approach to es-
timating the rate of deposition which has considerable im-
portance for the geochemical genesis of kerogen rich dolo-
stone, cornrnonly called "oil shale". 
I have oetermined, from paleomagnetic data, that the 
~ahogany unit is dominately of normal polarity. As such, 
it represents all, or the major part, of a normal polarity 
interval in the Focene. The recently revised marine mag~ 
netic time scale (La Brecque et al., 1977) clearly shows 
the general relationship of normal and reversed zones for 
the past 65 m.y. The first task was to identify which of 
the numerous normal intervals in the Focene the Mahogany 
unit might represent. Once this was decided, the maximum 
duration of deposition is fixed by the marine magnetic time 
scale and radiometric age determinations. 
· 
40 /3q d · L: ff ( ' ' 11 1980) Direct Ar ·Ar ating OI two tu s O Nie , 
has assigned an age of 46.5 ±o.6 m.y. B.P. to the Mahogany 
unit in the following v.ray. '!'he wavy tuf f above the unit 
was dated at 46.9 ±5.0 m.y. B.P., and the curly tuff belm·.r 
the unit was dated at 46.2 ±0.6 m.y. B.P. This assigns 
a weiqhted mean aae to the enclosed Mahogany unit of 46.5 
:o,6 m.y. B.P. (Figs. 15A-B). With an age of 46.5 ±0.6 
m.y. B.P., there is but one normal polarity interval in 
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Figure 15B.~40Ar/39Ar dates of the curly tuff at 
the base of the Mahogany unit (after O'Niell, 1980). 
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the marine magnetic time scale which matches this age as 
shown in table 3. It is of Middle Eocene (Late Bridgerian) 
. 
age. This normal magnetic interval in the marine anomaly 
profile has a duration of 1.5 m.y., beginning at 46.5 m.y. 
B.P., and ending at 45.0 m.y. B.P. Since the age of uncer-
tainty is 0.6 m.y. for the Mahogany unit, addin~ 0.6 m.y. 
would place the unit as a reversed polarity zone which it 
is not. Therefore, the age of uncertainty must be taken 
in the negative sense which gives a probable duration from 
46.5 to 45.9 rn.y. B.P. Because the section between the 
tuffs is thicker than the actual Mahoaany unit, the unit 
was probably deposited within 0.5 m.y. 
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Dividing the present thickness by the probable duration 
of deposition gives the minimum deposition rate, not cor-
rected for compaction. It is 135 feet (41.1 meters) divided 
by 500,000 years or 0.0822 mm/yr. The unit has well devel-
oped very thin laminations and ea,ch pair has been assumed 
to represent a year of deposition. nn this basis, each 
annual lamina pair should be 0.0822 mm thick or 0 0 0411 mm 
per lamina. Bradley (1929} estimated an annual lamina pair 
thickness of 0.037 rrun. 
Since I know the approximate compaction of the unit 
from two independent sources, I can estimate the deposition 
rate of the wet sediments. The initial uncompacted thick-
ness was 400 feet (123.l meters). Dividing this by 500,000 
years gives an initial annual lamina pair thickness of 
0.246 mm corresponding to a sedimentation rate of 24.6 mm/ 
century. This is three times the deposition rate estimated 
from the compacted sediments. This same factor will apply 
to Bradley's estimate, although he did not correct for com-
paction (Bradley might have quoted a 0.111 mm annual pair 
thickness or a sedimentation rate of 11.1 mm/century if 
he had accounted for compaction). Neither Bradley's fig-
ure nor mine can be accurate for the entire depositional 
history of the Green River Formation and cannot, by any 
means, represent all depositional localities. However, 
I believe my estimate of the annual lamina pair thickness 
and actual depositional rate is the more valid one. These 
results also generally confirm the validity of the earlier 
assumption that the laminae are annual varves. 
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DURATION OF REVERSED POLARITY ZONES 
Since a deposition rate has been established and the 
thickness of each zone of reversed polarity is known (Fig. 
10), the average duration of each polarity reversal can 
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be calculated by dividing the compacted thickness by the 
appropriate deposition rate. Using the minimum deposition 
rate of the compacted sediment (0.0822 mm/yr), the average 
duration of 7 thin reversen zones in figure 10 is 990 years. 
Two thicker reversed zones occurring at 7526 feet and 7626 
feet are of 2818 years and 4079 years, respectively. These 
are just long enough to qualify as true polarity reversals 
(Cox, 1969) . 
The duration of the 7 thin reversed polarity zones 
is characteristic of the duration of excursions of the 
earth's dipole field, when the earth's north magnetic pole 
rapidly migrates to, or near, the equator and then quickly 
returns to it's original near polar position within a few 
centuries (Yaskawa et al., 1973; Noltimier and Colinvaux, 
1976). 
The two thicker reversed polarity zones (2818 and 4079 
years respectively) are of sufficient duration to be clas-
sified as magnetic events or short term reversals. The 
two are separated by 100 feet of compacted sediment, with 
the thickest magnetic event ne,ar the bott0m of the core. 
These two events should ~e traceable laterally across many 
sedimentary units, provided there was continuous deposition 
and no erosion, and may be useful reference polarity zones 
for future studies of paleomagnetic reversal stratigraphy. 
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CONCLUSIONS 
In conclusion, this study has shown that the Mahogany 
unit is dominately of normal polarity dating between 46.5 
and 45.0 m.y. B.P., corresponding well with marine magnetic 
anomaly 20 of ~iddle Eocene (Late Bridgerian) age. 7 thin 
reversed polarity zones are characteristic of brief excur-
sions of the earth's dipole field, ·while two thicker re-
versed polarity zones are of sufficient duration to be mag-
netic events. These events are useful reference polarity 
zones for future paleomagnetic studies of "1iddle Eocene 
sediments. 
This study benefited from direct control on the post 
depositional compaction, and the results suggest that marl-
stones and shales may not be useful in establishing paleo-
latitude if the magnetization is primarily DR1V!. However, 
this study shows instead that paleomagnetic measurements 
may be applied to determination of the post-depositional 
compaction of marls, shales, and other sediments. 
Successive AF demagnetization tests established the 
most stable DRM component in the core. This stable com-
ponent has half the expected paleomagnetic inclination. 
Direct measurement of the varve separation around a fish 
coprolite in a hand sample permitted direct measurement 
of total compaction. Both results are consistent and in-
dicate that compaction has occurred. The initial thickness 
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of the Mahogany unit was 400 feet and has undergone post 
depositional compaction to its present thickness of 135 
feet. Based on paleomagnetic reversal stratigraphy and 
radiometric dating, the unit was deposited during a 0.5 m.y. 
normal polarity interval with an average age of 46 m.y. B.P. 
A sedimentation rate of 24.6 mm/century for the uncompacted 
sediment was determined. 
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PLATE 1 
Figure 1. Rand sample of an oil shale from the Laney Mem~ 
her of Green River Formation showing fish CO?rolite in upper 
left center. Continuity of varves above and below the copro-
lite was used to calculate compaction effect of the sediment. 
Sample collected by K. O. Stanley, Ohio State tTniversity. 
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PLATE 2 
Figure 2. Close-up view of hand sample showing continuity 
of varves above and below fish coprolite. Ratio of distance 
between corresponding varves across center of coprolite and 
away to the sides indicate a 62% compaction effect. 
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APPENDIX A 
The following is a printout of the borehole computer 
program. The program was originally written by B. Elwood. 
R. C. Bartman later greatly modified the program enabling it to process more data, print out the demagnetization graph, Briden Stability Index, inclination, and paleolat-
itude. Processing was performed at The Ohio State Univer-
sity computer facilities. 
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APPENDIX B 
The following contains the cryogenic magnetometer out-
put; demagnetization graphs, Briden Stability Index based 
on total magnetization (J) and vertical component only (X), 
and inclination and paleolatitude. 
74 
Lines were drawn on the magnetometer output to separate 
zones of normal and reversed polarity. Question marks are 
placed beside those zones whose polarity is in doubt. Only 
those zones whose polarity changed at 400 oe (H=400) or 
less and remained changed were distinguished. X values 
should be multiplied hy 1 x 10-4 (SCT scaling constant) 
for conversion to cgs Maqnetic units (emu). Fifty cores 
are listed per page. 
The demagnetization graph follows the :magnetometer 
output. The depth interval and a curve through the mean 
intensity is shown. Optirri.um demagnetization should occur 
at the first significant reduction in slope. 
The Briden Stability Index follows the demagnetization 
qraphs. Values are calculated first for total magnetization 
(J) and then vertical component only {X). Values closest 
to 1.0 represent the optimum demagnetization stage. In 
nearly all casas, 3cr0~4orr oe represented the best demag 
interval. 
The inclination and paleolatitude follow the Briden 
Stability Index. The incl~nat±on is calculated ;from the 
formula:-· I = sin ~lrrxr Cl• lQ-::-4 [/,fl wh.ere I is the inclination 
in degrees. The paleolatitude is calculated by using the 
dipole formula: tan L = rr.s tan I where Lis the paleolat~ 
itude in degrees. 
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